Introduction
============

Monitoring and targeted management of intracranial pressure (ICP) are widely advocated for the patients with severe head injuries. Brain Trauma Foundation (BTF) recently announced that ICP monitoring is considered to be the standard procedure in comatose patients who have sustained severe head injury.[@B4] However, several studies have demonstrated inconsistent compliance with BTF guidelines for ICP monitoring[@B22] and there were no evidence that such management resulted in improving functional outcome.[@B5],[@B15] Moreover, ICP monitoring has complications like ventriculitis and hemorrhage.[@B1],[@B2],[@B6],[@B9],[@B12],[@B17],[@B23]

Because of short scan time, non-invasive technique, and good resolution, brain CT scan is the diagnostic standard for head trauma to evaluate intracranial pathologies. And it is also useful to predict the outcome and decide the management plan.[@B14],[@B18],[@B21],[@B22] Surgical interventions, such as decompressive craniectomy or craniotomy with hematoma evacuation, should be decided in the basis of the CT findings. Repeat CT scans have been published that it gives valuable information to know the progression of intracranial pathologies.[@B14],[@B21],[@B22] As the intracranial lesions are usually progressing, timely identification of intracranial changes would be very important for managing the patients. The aim of the study is to investigate that serial CT scans without the invasive ICP monitoring could be applied for the management in severe head injuries.

Materials and Methods
=====================

Patients in severe head injury (Glasgow Coma Scale ≤8) were retrieved in a prospectively enrolled database of head trauma for a 3-year period. One-hundred thirteen patients were included for this study designed for the retrospective analysis of acute severe head injuries. All the patients were admitted at the intensive care unit and got the aggressive medical care including intubation, fluid therapy, hyperosmolar agents (mostly mannitol), and monitors for vital signs.

All the patients were taken for the initial brain CT at the emergency room. And then repeat brain CT scans were routinely followed in the 6-hour and 48-hour after the trauma. In our policy of serial brain CT scans, the 6-hour one was for detecting acute progression of intracranial hematomas and the 48-hour one for global evaluation of intracranial condition such as the brain swelling. Decompressive surgery was performed in anytime if indicated; 1) obliteration of basal cisterns in the CT scan, 2) midline shift ≥10 mm in the CT scan, and 3) any neurologic signs for transtentorial herniation. Severe head injuries of 113 patients was enrolled in this study. Among all the patients, 47 patients got an immediate surgical craniotomy or craniectomy after initial brain CT. The patients who were not immediately operated were monitored with ICP monitoring or serial brain CT. ICP monitoring was not a preferred procedure for the severe head injuries. Serial brain CT was preferred for knowing the intracranial status or detecting progressive pathologies. ICP monitoring was restrictively done only for the patients not confident of the intracranial pressure based on the brain CT. The parenchymal ICP monitoring catheter (Camino®, Intergra LifeScience Corp., Plainsboro, NJ, USA) was placed with a usual manner of manufacture\'s recommendations.

The patients were divided into two groups: the serial CT scanning group and the ICP monitoring group. We analyzed the surgical intervention such as decompressive craniectomy and/or hematoma evacuation and mortality at 3 months after trauma in both groups. Fisher exact test was used for the statistical analysis.

Results
=======

In 113 patients, there were 83 male and 30 females, ranging from 2 to 87 years (median; 43.6 years). Immediate surgical intervention after the initial CT scan was done in 47 patients ([Table 1](#T1){ref-type="table"}). Intracranial hematoma evacuation and only craniectomy was performed to control the intracranial pressure in these surgical patients. The immediate surgical cases were not assigned ether two groups. Among the non-surgical patients, aggressive medical managements were applied as the serial CT scanning group in 59 patients and the ICP monitoring group in 7 patients ([Table 1](#T1){ref-type="table"}). The serial brain CT was also taken in the patients for ICP monitoring.

Surgical interventions were done in 10 patients who were initially managed with medical treatment in the intensive care unit (ICU). Among the ICP monitoring group, only 1 patient got a decompressive craniectomy immediately after inserting the ICP monitor. Nine patients underwent decompressive surgery in the serial CT group ([Table 2](#T2){ref-type="table"}). Among them, 6 patients had operations after 6-hr CT scan and 3 patients after 48-hr CT scan. In the 6 operations after 6-hr CT, hematoma expansions were main cause of the surgery and 1 case was neurologically deteriorated just before 6-hr CT was taken.

The mortality rate was 35.5% (40 in 113 of all the patients). Most of death happen in the patients for an immediate surgical intervention and fully comatose at the initial evaluation ([Table 3](#T3){ref-type="table"}). The mortality was 2 of 7 in the ICP monitoring group (28.6%) and 14 of 59 in the serial brain CT group (23.7%). There was no statistical difference of the mortality between two groups (*p*=0.33, Fisher exact test).

Discussion
==========

Elevation of ICP had been recognized as the most important factor affecting outcome in patients who have had the severe head injury and ICP monitoring has become standard procedure in the management of severe head injury patients.[@B3],[@B19] The BTF guidelines recommend the ICP monitoring in all salvageable patients with severe head injury. However, compliance with BTF guidelines was only 45.8% and patients with subarachnoid hemorrhage and those who underwent craniectomy/craniotomy were significantly more likely to undergo ICP monitoring.[@B22] And the BTF ICP guidelines improved patient survival in this report. But, the treating physician\'s decision was the most common reason for not placing an ICP monitoring device. The compliance for implanting the ICP monitoring was relatively low and ICP monitoring devices tended to be placed in the surgical patients, not in initially medical-managed patients. They did not mentioned how to detect the ICP changes with non-invasive methods such as serial brain CT scans.

Even though the ICP monitoring may improve survival, it did not make better functional outcome in severe head injury.[@B5],[@B15] ICP/cerebral perfusion pressure (CPP) targeted intensive care resulted in prolonged mechanical ventilation and increased levels of therapy intensity, without evidence for improved outcome in patients who survive beyond 24 hrs following severe head injury.[@B5] And it was impossible to predict need for ICP/CPP-guided therapy from clinical features at presentation.[@B15] However, they concluded specialist critical care with ICP/CPP-guided therapy may benefit patients with severe head injury. In the management of severe head injury, ICP monitoring did not show improvement of the functional outcome but rather increase the costs and ICU stays. So, survival itself could be said a main reason to determine the initial management in the severe head injury. The ICP monitoring has been recommended in the severe head injury, but it has not proved whether it results in better functional outcome. Moreover, the outcome of the patients with severe head injury has been known as dismal. Functional recovery is usually poor. So, the primary goal of the management should get a rescue from dying. We just focused the mortality between two different monitoring methods in this study.

As the invasive procedure is accompanied with the complications, the ICP monitoring makes procedure-related side-effects.[@B1],[@B2],[@B6],[@B12],[@B17] The most common complication is infection and intracranial bleeding.[@B1],[@B17] Intraventricular device has more hemorrhagic complication compared with intraparenchymal fiberoptic monitor.[@B1] Infection rate was 2.2%.[@B17] No complication was reported in the subdural ICP monitoring.[@B10]

Brain CT scans are definitely standard diagnostic modality for assessing head injury patients. Repeated brain CT should be required clearly when patients show deteriorating neurologic signs. And physicians tend usually to decide the operations based on brain CT scan.[@B16] Although the situation meets that ICP/CCP values are the cause of worsening the neurological deterioration in the severe head injury, physician would take the brain CT scan to decide a surgical plan before the surgery is performed. So, it could be said that usefulness of CT scanning is not disappearing on ICP monitored situation. But, transferral to CT room may miss the changes of neurologic deterioration and vital signs.

Progressive intracranial hemorrhage after head injury is often observed on serial CT scans.[@B13],[@B14],[@B20],[@B21] The expansion of traumatic intracerebral hematomas between the baseline and 24-hr CT scans occurred in approximately half of the subjects.[@B13] The earlier after injury that the initial CT scan is obtained, the greater is the likelihood that the hematoma will expand on subsequent scans. So, the timing of the first CT scan is clearly important factor to predict the intracranial progression. In the spontaneous intracerebral hematomas, frequency of hematoma expansion is greatest among those who underwent the initial CT scan early and progressively declined as the time to initial scan is prolonged.[@B11] Enlargement after 24 hours of onset seems extremely rare. Even though no deterioration of neurologic, clinical, and vital signs is detected, intracranial changes could be found in the routine CT scans.[@B14] The findings in the routine CT scan may help predict the injury progression and determine the management plans.

It is very important to decide the optimal time to get the serial brain CT scans. Our protocol for the serial CT scans was that brain CT scans were taken at the emergency room and then followed in the 6-hour and 48-hour after the trauma. The 6-hour one was for detecting acute progression of intracranial hematomas and the 48-hour one for global evaluation of intracranial condition such as brain swelling or ischemic change. As mentioned earlier, the intracranial hemorrhages did not usually grow after 24 hours of onset. So, earlier follow-up CT would be very important. But, we suggest that 2 hr interval after the initial CT be too early to detect the intracranial progression. This may miss the progression or make one more scan to verify the more aggravation. In our results, 9 patients of the serial CT scan group underwent surgical interventions. Six of them got the operation after 6-hr CT and 3 after 48-hr CT. The result supported that CT scan after 24-hr of the trauma should be taken for detecting the intracranial progression such as brain swelling. In severe head-injured patients who are non-neurosurgical candidates on the basis of initial and 24-hr to 48-hr repeat CT scans, serial head CT scans had little clinical efficacy and did not lead to urgent operative intervention.[@B8] So, routine CT scan may not be needed after 48-hr of the trauma. And the patients with routine-repeat CT scans fared better than did the non-routine-repeat CT group.[@B7] This procedure of routine-repeat CT scans demonstrated a significant effect on patients with moderate and severe head injury. We could not say what time is optimal to get serial CT scans in the severe head injury. Our protocol may be suitable even though the patient does not show any neurologic deterioration. If the patient is worsening the neurologic condition, the urgent CT is mandatory.

In the present study, we have described the feasibility of the serial brain CT scans in the aspect of the patient management in the severe head injury. This study has several limitations. First, this is a retrospective analysis even though the cases were enrolled prospectively. Second, the number of patients was small to make a firm evidence of how to manage the patients. Although total number of the study was 113 of severe head injury, actual cases for analysis was only 66 to be assigned in the serial CT group and the ICP monitoring group. It is hard to be generalized for all the severe head injuries. Third, no definite indication for placing ICP monitoring was designed before the patient enrollment. So, it had an inevitable selection bias. As many factors affect the outcome and mortality of severe head injuries, it could not say that only the monitoring makes change the mortality like this study.

In summary, serial brain CT scans in time is useful way to be applied for the severe head injuries. And it could reduce the unnecessary implantation of an invasive ICP monitoring device. If brain CT give ambiguous findings for assuming elevated ICP, ICP monitoring is mandatory to determine the proper management. But, timely serial brain CT would be recommended in no obliteration of basal cisterns, no effacement of cortical sulci, and midline shifting less than 5 mm in the initial brain CT. And in the case that main pathology is the intracranial hematoma without brain edema, it is also a good candidate for the serial brain CT scans. But, it should be cautious that only serial CT scans without ICP monitoring is not applicable to all the severe head injuries.

Conclusion
==========

Serial brain CT scans in time could be a good way to monitor the progression of the intracranial pathologies and reduce chances of implanting an invasive ICP probe. The time interval for serial scans may be optimal in 6 hours and 48 hours after the trauma even though the patients do not show any neurologic deterioration.
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Surgical intervention vs. conservative treatment in the 113 patients
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Mortality in the ICP monitoring and the serial brain CT scan group
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^\*^*p*=0.33 in Fisher exact test, ^†^all the patients had 3 of the Glasgow Coma Scale at the initial evaluation. ICP: intracranial pressure
